Asia-Pacific Burden of Respiratory Diseases (APBORD) was a cross-sectional, observational study examining the burden of respiratory disease in adults across 6 Asia-Pacific countries.
Introduction
Chronic respiratory diseases such as asthma, allergic rhinitis (AR), chronic obstructive pulmonary disease (COPD) result in significant morbidity and mortality worldwide. [1, 2] The burden of these diseases greatly affects the quality of life of affected individuals. [2] Chronic respiratory diseases have been estimated to account for 4% of the global burden and 8.3% of the burden of chronic diseases. [2] In addition, 4 million deaths annually are attributable to chronic respiratory diseases. [2] In most parts of the world including Thailand, prevalence of respiratory diseases such as asthma [3] and COPD are increasing. [4] This is leading to increased disease burden among the population as well as increased economic burden for the country. Previous studies of the burden of respiratory disease in Thailand have investigated healthcare-specific costs associated with COPD [5] and asthma. [6, 7] However, no study to date has been conducted which comprehensively describes disease characteristics and captures societal costs associated with the most prevalent respiratory conditions in Thailand.
To address the lack of data relating to the burden of care in adults who present to healthcare professionals with chronic respiratory diseases in this region, a cross-sectional, observational study called the Asia-Pacific Burden of Respiratory Diseases (APBORD) study was conducted across Asia-Pacific. [8] This article reports the results from patients in Thailand.
Methods

Study design
This study formed a part of the large multicountry, crosssectional, observational APBORD study of adult patients receiving care for respiratory diseases across 6 countries in the Asia-Pacific region (India, Korea, Malaysia, Singapore, Taiwan, and Thailand). The study consisted of site-based surveys administered to patients and physicians presenting with a primary diagnosis of respiratory disease during a routine visit to a healthcare provider. In Thailand, subjects were recruited from 4 sites between October 2012 and October 2013. The study was approved by the Khon Kaen University Ethics Committee in human research, the Ethical Review Committee for research involving human subjects in research at Chulalongkorn University, Siriraj Institutional Review Board, Faculty of Medicine Siriraj Hospital at Mahidol University, and the Research Ethics Committee, Faculty of Medicine at Chiang Mai University.
Patients
Patients presenting consecutively at each study site were assessed by the physician during a routine consultation. The physician ascertained whether the primary reason for the patient's visit was to receive care for a respiratory disease or not. All patients receiving care for a respiratory disease were screened for eligibility to participate in the study. Eligibility criteria included consecutive patients aged ≥18 years, and receiving care for a primary diagnosis of asthma, AR, COPD, or rhinosinusitis. Subjects were excluded if they had participated in any interventional clinical study within the 12 weeks prior to entering the current study. A patient could only participate in the study once and no follow-up visits were recorded. Eligible patients were invited to participate in the study and written informed consent was obtained from each patient.
Data collection
During the study visit, physicians completed the Screening and Consent Log and the Physician Survey. The Consent Log captured the basic demographics and respiratory diagnosis of each eligible patient, and whether an eligible patient consented to participate in the study. The Physician Survey comprised questions relating to the patient's respiratory diagnosis. Physicians indicated which of the 4 diseases were the primary diagnosis, and whether the patient had any other of the 4 diseases in addition to the primary diagnosis. Physicians also recorded medication use for the 4 weeks prior to the study visit and medication prescribed at the current visit.
The diagnosis of respiratory disease was defined by International Statistical Classification of Diseases and Related Health Problems 10th Revision classifications. [9] This excluded some infectious and parasitic diseases that may affect the respiratory system (e.g., tuberculosis) and also excluded neoplasms of the respiratory system. Diagnosis was made by the attending physician using criteria based on international guidelines for asthma, AR, COPD, and rhinosinusitis. [10] [11] [12] [13] The physician was required to indicate the clinical criteria for the diagnosis from a list of disease criteria adapted from these clinical practice guidelines for any patients with a new diagnosis of any of the 4 diseases. The patients' clinical management and physicians' usual diagnostic practices were not intended to be influenced by participation in the study; however, some patients may have been diagnosed using a more rigorous and standardized approach than may have occurred prior to commencement of the study. No attempt was made to independently verify or confirm the patient's diagnosis and no follow-up diagnostic tests were conducted.
Consenting patients completed the Patient Survey which included questions relating to general demographics, respiratory symptoms, healthcare resource utilization (HCRU), and work productivity. Patients listed their respiratory-related symptoms at the current visit and identified their main symptoms leading to the current visit. HCRU included the number of visits in the previous 4 weeks to a general practitioner (GP), medical specialist, alternative and traditional medicine practitioner, pharmacist, emergency department, and hospital admissions.
Work productivity was assessed using the Work Productivity and Activity Impairment -Specific Health Problem (WPAI-SHP) questionnaire. [14] The WPAI-SHP measures both the amount of absenteeism (work time lost), presenteeism (lost on-the-job productivity), and daily activity impairment attributable to a SHP. The recall period in this questionnaire is 7 days.
Costing
A broad societal perspective was adopted for the cost analysis and as such costs were collected based on government and patient. Unit costs were sourced from a government hospital. Average costs were calculated using the unit cost of the healthcare resource use item multiplied by reported HCRU in the previous 4 weeks, plus the current visit to the GP or specialist. To cost each medication class, 1 medication, representative of the most commonly prescribed medication for respiratory disease, was identified. Dosing and duration of medication use was according to therapeutic guidelines. [15] Lost productivity costs were calculated by multiplying the overall productivity lost from the WPAI questionnaire by the average monthly wage, estimated to be 10,641 Baht (US$329.75) from International Labor Organisation Global Wage Database 2012. Four-week costs were multiplied by 13 to estimate annual costs, and presented in 2014 United States (US) dollars.
Sample size
As epidemiological data relating to respiratory diseases in the Asia Pacific region was scarce, sample size calculation was based on an assumption that 4% of patients receiving care for respiratory disease would be diagnosed with asthma, derived from Bettering the Evaluation And Care of Health program, a cross-sectional study of general practice activity in Australia. [16] A sample size of 5000 enrolled patients (providing ± 0.3% precision around the assumed 4%) was selected to examine AR, asthma, COPD, and rhinosinusitis across the 6 Asia-Pacific countries included in APBORD study. To reduce bias, a minimum of 250 enrolled patients were required for each site in Thailand, giving a total sample size of 1000 patients.
Statistical analysis
Statistical analyses were performed using SAS ® for Windows, version 9.3 (SAS Institute Inc., NC). Patient demographics and clinical characteristics were described using mean and standard deviation (SD) for continuous variables and number (percentage) for categorical variables. The percentage and 95% confidence interval (95%CI) of patients with each disease were calculated using the exact (Clopper-Pearson) method. 
Patient demographics
A total of 1995 patients were diagnosed with a respiratory disease and screened across 4 study sites in Thailand. Out of the screened patients, 1142 (57.2%) were considered eligible. One thousand eligible patients (87.6%) consented and were enrolled in the study. The mean age of enrolled patients was 49.2 years (SD 17.05) and 63.5% were females (Table 1) . Fifty-seven percent of the patients were employed, either full-time or part-time. Seventyseven percent of patients had never smoked. Of the 226 patients to have ever smoked, 13% were current smokers.
Frequency of respiratory disease
AR was the most frequent primary diagnosis in enrolled patients (44.2%, 95%CI: 41.1%, 47.3%), followed by rhinosinusitis (24.1%, 95%CI: 21.5%, 26.9%), asthma (23.7%, 95%CI: 21.1%, 26.5%), and COPD (8.0%, 95%CI: 6.4%, 9.9%). Patients were frequently diagnosed with multiple respiratory diseases (Fig. 1) . Overall, 316 (31.6%) of patients were diagnosed with a combination of the 4 diseases of interest, with asthma patients having the highest proportion with multiple diagnoses. The most common combinations were AR and asthma (185 patients, 18.5% of total enrolled) and AR and rhinosinusitis (83 patients, 8.3% of total enrolled).
Symptoms
Patients were asked to report all their current symptoms and indicate which symptom they considered the main reason for their medical visit (Fig. 2) . Sneezing was the most frequently reported symptom (60.5%, Fig. 3) followed by cough or coughing up phlegm (57.0%). Cough or coughing up phlegm was the most frequently reported main reason for the medical visit for patients diagnosed with asthma (22.2%) and COPD (34.9%). Blocked nose or nasal congestion was the most common main reason for the medical visit for patients with a primary diagnosis of AR (21.6%) and rhinosinusitis (27.4%).
Healthcare resource utilization
Patients reported HCRU associated with their main respiratory symptom in the 4 weeks prior to the medical visit (Fig. 3) . The percentage of patients reporting specialist visits was higher than those reporting GP visits for patients with a primary diagnosis of rhinosinusitis (46.3% vs 15.4%), AR (29.1% vs 17.8%), and COPD (21.5% vs 13.9%). Pharmacist visits were reported by a greater percentage of patients with AR and rhinosinusitis compared with asthma and COPD. For patients with primary diagnosis of COPD, 7.6% had visited emergency department while 6.3% had been hospitalized in the prior 4 weeks.
Medication use in the 4 weeks prior to the current visit was high, with 88.0% of the patients reporting use of medications (Fig. 4) . Previous medication use was highest for patients with a primary diagnosis of asthma (96.6%) and COPD (88.8%), followed by rhinosinusitis (85.9%) and AR (85.7%). Patients with AR and rhinosinusitis most frequently used oral antihistamines whereas fixed-dose combination inhalers had the highest usage among patients with a primary diagnosis of asthma and COPD. A total of 963 patients were prescribed medication at the current visit.
Work productivity and activity impairment
Patients completed the WPAI questionnaire to assess the impact of their respiratory diseases on activity impairment and work productivity loss (Fig. 5) . Presenteeism was the main contributing 
Costs
The annual direct and indirect costs by primary diagnosis are presented in Fig. 6 . The mean overall annual cost for patients with a respiratory disease was US$1495 (SD 3133) per patient. For employed patients, the mean annual cost was US$1885 (SD 2340) with productivity loss the highest cost component at US $1391 (SD 1209). Medication costs comprised 58.9% and 41.1% of the overall costs for patients with a primary diagnosis of asthma (US$1287, SD 4654) and COPD (US$1235, SD 4550). Hospitalization costs were also high (25.1%) for patients with COPD (US$754, SD 3367). Costs associated with work productivity loss were the main contributor for patients with a primary diagnosis of AR at 82.8% of overall costs (US$1378, SD 1105) and rhinosinusitis at 80.4% (US$1872, SD 1300).
Discussion
This is the first study to comprehensively investigate the disease characteristics and economic burden of 4 highly prevalent respiratory diseases in Thailand. Nearly a 3rd of the patients were diagnosed with multiple respiratory diseases, with asthma and AR the most common combination. The mean annual cost associated with respiratory diseases was US$1495 (SD 3133) per patient with work productivity loss and medication costs the main contributors.
The results presented in this study were part of a larger, APBORD study, which investigated burden of care relating to the selected respiratory diseases in 5 additional countries in the AsiaPacific (India, Korea, Malaysia, Singapore, and Taiwan). [8, 15] In the overall population, the frequency of patients receiving care with the primary diagnosis of AR (14.0%, 95%CI: 13.4%, 14.6%) and rhinosinusitis (5.4%, 95%CI: 4.6%, 5.3%) was lower [8] compared to Thailand. Cough was the main reason for seeking medical care among patients. [8] The mean annual cost for patients with a respiratory disease was US$4191 (SD 8489) per patient with productivity loss the highest cost component for all 4 diseases. [15] The mean annual cost per patient in the overall study was understandably higher due to inclusion of countries with higher healthcare costs than Thailand. Majority of the other outcomes are comparable between Thailand and the overall study.
Few studies have investigated economic burden of respiratory diseases in Thailand. A study on cost of asthma conducted in Thai 
.9% to the total. [7] A cross-sectional study in a regional Thai hospital reported that the average asthma-related hospitalization cost was 5809 Baht (US$135) per patient. [6] The authors also reported that higher total hospital costs associated significantly with older patients (≥60 years) and significant comorbidities. [6] Another study that used a prevalence-based, disease-specific approach, estimated the average direct out-ofpocket treatment cost for COPD in Thailand to be 12,357 Baht (US$383) per patient. [5] In the present study, the annual per patient costs were considerable higher at US$1716 for asthma patients and US$2353 for COPD patients. For the calculation of annual costs, a broader societal perspective was used compared with previous studies; consisting of direct healthcare costs (incorporating both government and patient out-of-pocket costs) and indirect costs captured by productivity loss.
In the current study, 96.6% of asthma patients and 88.8% of COPD patients were taking medications in the 4 weeks prior to the healthcare professionals visit. Medication costs contributed significantly to the mean total annual costs for both asthma and COPD patients. The high medication cost for asthma and COPD patients was mostly attributed to high cost of maintenance medications (e.g., immunoglobulin antibody, fixed-dose combinations, and leukotriene medications). The costs associated with asthma and COPD medications would consume approximately 30% and 29% of an average Thai income, and could be considered unaffordable for low to average income earners. It should be noted that asthma and COPD are chronic conditions; hence, the need for medications is a long-term matter, and high medicine prices may be a cause for concern. Furthermore, maintenance medications are important in reducing downstream costs associated with acute exacerbations. [17] Among the COPD patients, a noticeable proportion had visited the emergency department (7.6%) or been hospitalized (6.3%). A 3rd of the total annual cost for COPD patients could be attributed to these 2 factors. Generally, acute exacerbations have been found to be the most common cause of COPD-related hospitalizations. [18] Regular use of medications such as combinations of inhaled corticosteroids and long-acting beta agonists have been shown to reduce COPD-related exacerbations significantly, including those requiring hospitalizations. [19] This may point to COPD patients being undertreated in Thailand and could be related to high cost of COPD medications.
Lost productivity was significant for all the patients, in particular patients with a primary diagnosis of AR and rhinosinusitis. Presenteeism contributed a greater proportion to costs associated with lost productivity, compared with absenteeism. Presenteeism is defined as the lost productivity that arises from continuing to work when unwell. [20] Studies investigating specific risk factors for future health problems or reduced activity in the workforce have observed that presenteeism, especially when frequent, has negative health consequences at follow-up. [21, 22] Strategies to limit presenteeism should start with promoting better health; hence, improving management of chronic respiratory conditions could reduce economic burden as well as improve patient quality of life.
A high proportion (31.6%) of patients presented with more than 1 respiratory disease during their visit to HCPs. Asthmatic patients most frequently had comorbid conditions, with the highest proportion presenting with AR (63%). High level of comorbidity of asthma and AR has been reported previously with prevalence of concomitant AR in asthmatics found to be in excess of 50%, with lifetime prevalence estimated to be up to 100% in the US and Europe. [23, 24] Evidence from Thailand comes from a survey of school children which found that 55% to 76% of asthmatic children also had concomitant AR. [25] Presence of concomitant AR has been reported to result in higher rates of asthma-related medical resource utilization compared with asthma patients without AR [24, 26, 27] and may be a marker of more difficult to control asthma as well as worse asthma-related outcomes. [28, 29] Therefore, early detection and effective management of comorbid AR could produce better health outcomes for asthmatic patients. In addition, previous research has shown that AR is a risk factor for subsequent development of asthma. [30] The majority of asthma patients in this study presented with cough as their main reason for the medical visit. Therefore, it may be prudent when AR patients present with cough to investigate for comorbid respiratory conditions, especially asthma.
The methodology used in this study introduces some limitations which should be considered when interpreting the results. Patients were recruited from primary health physicians and specialists in urban centers. As a result, they may not be representative of the rural population in Thailand. Hospitalizations and some medications were used infrequently but were associated with high costs. As such, there may be considerable variability around the estimates provided. Despite these limitations, this study is the first to present comprehensive description of the burden of the respiratory diseases with a broad societal perspective for the economic burden.
This study highlights the burden associated with 4 highly prevalent respiratory diseases in Thailand. The economic costs borne by patients with these conditions are significant and higher than previously reported. Work productivity loss and high medication prices were important contributors to the economic costs. Thorough investigation of concomitant conditions and improved disease management may help to reduce the burden of these respiratory diseases.
